Mass mortality of common eiders (Somateria mollissima) in the Dutch Wadden Sea, winter 1999/2000: starvation in a commercially exploited wetland of international importance by Cremers, H.J.W.M., et al.
Mass mortality of common eiders (Somateria mollissima) in the
Dutch Wadden Sea, winter 1999/2000: starvation in a commercially
exploited wetland of international importance
C.J. Camphuysena,b,*, C.M. Berrevoetsc, H.J.W.M. Cremersd, A. Dekingab, R. Dekkerb,
B.J. Ense, T.M. van der Havef, R.K.H. Katse,g, T. Kuikenh, M.F. Leopolde,
J. van der Meerb, T. Piersmab,g
aCSR Consultancy, Ankerstraat 20, 1794 BJ Oosterend, Texel, The Netherlands
bNetherlands Institute for Sea Research (NIOZ), PO Box 59, 1790 AB Den Burg, Texel, The Netherlands
cRijksinstituut voor Kust en Zee, PO Box 8039, 4330 EA Middelburg, The Netherlands
dDr H. Th. S’Jacoblaan 62, 3571 BN Utrecht, The Netherlands
eAlterra, PO Box 167, 1790 AD Den Burg, Texel, The Netherlands
fVogelbescherming Nederland, PO Box 925, 3700 AX Zeist, The Netherlands
gCentre for Ecological and Evolutionary Studies, Zoological Laboratory, University of Groningen, PO Box 14, 9750 AA Haren, The Netherlands
hDepartment of Virology, Erasmus University, PO Box 1738, 3000 DR Rotterdam, The Netherlands
Received 25 June 2001; received in revised form 1 November 2001; accepted 9 November 2001
Abstract
Mass mortality of common eiders (Somateria mollissima) was observed in winter 1999/2000 in the Dutch Wadden Sea.
Approximately 21,000 common eiders died. Dissected birds were severely emaciated and 94% were infected with the acanthoce-
phalan parasite Proﬁlicollis botulus. Green shore crabs (Carcinus maenas), intermediate hosts of the parasite, were slightly more
‘available’ than in other years, but parasite infections in the eiders were close to normal. Few eiders were oiled (5%), there were no
toxicological, bacteriological, or virological explanations for the observed mortality.
In the Wadden Sea, a wetland of international importance, mussel (Mytilus edulis) cultures occur in sublittoral areas, while
mechanical cockle (Cerastoderma edule) ﬁsheries are licensed annually after evaluation of available resources. The wintering eiders
in 1999/2000 required c. 3.1 million kg ash-free dry mass, while information on mussel and cockle stocks (irrespective of accessi-
bility and proﬁtability) suggested a resource 4.7  the requirement of common eiders only. Food shortage is suggested to have
caused the observed mortality, involving both principal (mussels and cockles) and secondary (Spisula) prey.
Winter census reports showed shifts in wintering distribution of common eiders in the 1990s, indicating the utilisation of Spisula
in the North Sea in poor food years in the Wadden Sea. Following particularly intense ﬁsheries in summer 1999, attempts to feed on
Spisula in winter 1999/2000 failed. It is hypothesised that overﬁshing of mussels and cockles in the Wadden Sea in the early 1990s
resulted in structurally reduced food resources, contractions of the foraging area of common eiders, and increased use of secondary
prey in the North Sea. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
The Dutch Wadden Sea is of vital importance to
about 50 species of waterfowl, waders, gulls and terns,
that depend on it for at least part of the year (Van de
Kam et al., 1999). The internationally important win-
tering population of common eiders (Somateria mollis-
sima; 1993–1997, 102,000–173,000 individuals) mainly
originates from Baltic and Danish breeding colonies
(Swennen, 1990; Baptist et al., 1997). Small numbers
migrate further south, eﬀectively making the Wadden
Sea the southern border of their distribution (Cramp
and Simmons, 1977).
In the mild winter and spring 1999/2000 mortality of
common eiders was exceptionally high. All dead eiders
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E-mail address: camphuys@nioz.nl (C.J. Camphuysen).showed signs of starvation, and most were infected with
acanthocephalan parasites, of which green shore crabs
(Carcinus maenas) are the intermediate hosts (Liat and
Pike, 1980). Common eiders are large, marine, mollus-
civorous ducks and are the main avian consumers of
blue mussels (Mytilus edulis) and common cockles
(Cerastoderma edule) in the Wadden Sea, together with
the Eurasian oystercatcher (Haematopus ostralegus;
Swennen, 1976; Smit, 1981). In this paper we describe the
mass mortality, using results of beached bird surveys,
pathological studies of dead birds and winter population
censuses. In addition, we sketch the conditions and
(recent) historical background under which the incident
took place. The main questions addressed are:
1. What factors could have contributed to the ele-
vated mortality?
2. Were parasite loads abnormal, both in the com-
mon eiders and in green shore crabs (inter-
mediate hosts of acanthocephalan parasites)?
3. Was there evidence for food shortage of common
eiders in winter 1999/2000?
4. Could modern ﬁsheries practices have con-
tributed to this incident?
The post-hoc nature of the present study may be
considered typical and perhaps inevitable for unex-
pected incidents such as the one described. The ques-
tions raised must be answered by utilising data sets that
have not been collected exactly for that purpose. We
provide this as a case study of what could be seen as a
common problem (worldwide) that is seldom solved or
explained satisfactorily: presumed or potential ﬁshery
eﬀects mixed up with anomalous environmental condi-
tions (Jennings et al., 2001). The available information
is used to formulate a hypothesis of what may have
caused the mortality and what the underlying mechan-
ism could have been.
2. Materials and methods
To look back in time, and to place the results in an
historical context, we have applied data that were col-
lected during long-term study programmes. For exam-
ple, the mortality was discovered and is described on the
basis of systematic counts of corpses of birds (beached
bird surveys), using a monitoring programme that star-
ted in the mid 1960s (Camphuysen, 1998). Potential
causes of death are compared with those of previous
seasons or with studies and experiments elsewhere.
2.1. Study area
Data were collected in and around the Dutch Wadden
Sea, between 52 400 N, 04 350 E and 53 350 N, 07 070 E
(Fig. 1). This includes the northern part of the mainland
coast of Noord-Holland, the mainland Wadden Sea
coast and all islands. North Sea coasts were considered
separately from coastal areas of the Wadden Sea itself.
Eulittoral and sublittoral parts of the Wadden Sea were
deﬁned as areas respectively above and below the
spring-tide low-water mark.
2.2. Examining common eider mortality patterns and
scale
Beached bird surveys (BBS) were conducted by
numerous volunteers in 19 subregions (Fig. 1), seven
of which are situated along the North Sea coast of the
mainland (31 km total length; subregion 1) and
the Wadden Sea islands (143 km; subregions 2–7).
Seven subregions are in the western Wadden Sea (203
km; subregions 8–11, 14–16), another ﬁve in the east
(96 km; subregions 12–13, 17–19). BBS were made on
foot, walking the tide-line, by recording and describing
every corpse. Notes included (sub) species, age, sex, and
plumage of each bird, presence of oil in the feathers,
and state of corpse (fresh, old, very old, complete or
disintegrated). Corpses were marked by clipping the
primaries of the wings to avoid double counts during
later surveys.
For the present analysis, monthly BBS conducted
between November 1999 and June 2000 were selected
(336 counts, covering 1917 km in the Wadden Sea area).
BBS have been centrally co-ordinated in the Nether-
lands with standardised methods since 1977, mainly
covering the winter period (November–April). The
annual total coast length surveyed in winter between
1977 and 1999 averaged 786.4 346.5 km (range 165–
1615 km). A total of 1640 km were surveyed in winter
1999/2000. The fraction of oil-contaminated eiders of
the total number found dead were logit-transformed
and compared with the long-term trend ﬁtted by least-
squares estimation to check for abnormalities (Camp-
huysen, 1998; C.J. Camphuysen unpublished data). In
the subsequent analysis of seasonal patterns and
between-year variations, oiled eiders were omitted to
provide indices of ‘non-oil-related mortality’ over time.
Many eiders were sexed and aged in the ﬁeld and the
proportion of adult males relative to all other birds
found was used to illustrate shifts in age and sexcom-
position.
Monthly BBS are sample counts and were used to
estimate the total number of dead common eiders in the
Wadden Sea by extrapolation for November 1999 until
June 2000. With the spatial planning of counts it was
attempted to sample monthly as much as possible of
each of the 19 subregions; it was not intended to ﬁnd as
many stranded birds as possible by prioritising high
density areas. All subregions were visited at least once,
but coverage was rather poor at Terschelling (subregions
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Three log-linear Poisson models which assumed inde-
pendence of the data were applied to input missing
counts, as in Van der Meer et al. (1996). In each model,
the expected value of beached birds was assumed to
depend on a function of month and area (stretch of
coast). The models diﬀered in the extent to which they
included interactions between these factors. Model
parameters were estimated with the regression proce-
dure of the Genstat 5.1 programme (Payne et al., 1987).
Estimates of the monthly total number of dead common
eiders in each of the coastal stretches (summarised per
subregion) were obtained by extrapolation of observed
or modelled (only where observations are missing) den-
sities. Monthly surveys contained 62.8% missing values
(n=584), a ﬁgure that was particularly high in May
(79.4%, n=73) and June (83.6%, n=73), while mid-
winter was better covered (40–60%).
2.3. Examination of collected eiders: dissections,
histology, virology, parasitology
Between 27 December 1999 and 16 March 2000 100
common eiders were collected on Texel, and 13 corpses
in December in Friesland. All birds were measured
(basic biometrics) and weighed to the nearest 5 g. The
birds were sexed and aged, using a combination of
external (plumage) characteristic and gonadal develop-
ment. The Texel batch was dissected to obtain an
impression of the physical condition (fat reserves scored
0–3, i.e. depleted to very fat; breast muscle condition
scored 0–3, severe atrophy to excellent condition), fol-
lowed by a closer examination of the gizzard and the
intestinal tract by a parasitologist. The gizzard was
opened and the contents examined and removed. Empty
gizzards were turned inside out and rinsed with water to
score the presence of stomach nematodes Amidostomum
acutum. Intestines were opened and the number of
acanthocephalans was assessed as low (up to some tens),
intermediate (some hundreds) or high (many hundreds
to more than thousand worms). Samples of the contents
of the intestines were examined with a stereomicroscope
for other helminths. Samples of each type of parasite
found were placed in 70% alcohol until later identiﬁca-
tion, and samples of severely aﬀected tissue were placed
in 5% formalin until later examination.
In the eiders from Friesland a more detailed necropsy
was carried out, including examination of respiratory,
digestive, urogenital, cardiovascular, nervous, haemato-
poietic, musculoskeletal, and endocrine systems. Five-
micro-metre-thick sections of formalin-ﬁxed, paraﬃn-
embedded tissue samples were stained with haematoxylin
and eosin and examined by light microscopy. The intes-
tine was separated from the rest of the gastro-intestinal
Fig. 1. Northern part of the Netherlands showing Wadden Sea area with numbered subregions used in this study (see Table 1). Eulittoral macro-
benthos study sites are indicated with #, sublittoral study plots with black dots (*). A dotted line separates the western from the eastern Wadden
Sea.
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cloacal junction. Every 30 cm along the intestine, starting
at the duodenum, 3-cm lengths of intestine were cut open.
Acanthocephalans were counted, the width of the cut-
open intestine was measured. The total acanthocephalan
burden was calculated as the product of the average
number of acanthocephalans per cm of intestine and the
total length of intestine. Other parasites were sampled for
subsequent identiﬁcation as in the larger batch.
In addition to the birds collected, body mass was
assessed for 44 freshly dead or dying common eiders in
the ﬁeld, mainly in December 1999, using Pesola spring
and electronic balances.
2.4. Censuses of wintering eiders
Wintering common eiders were surveyed during aerial
counts of the Wadden Sea and the bordering North Sea
coastal zone. The ﬁrst three surveys took place during
ice-winters and concentrated on the limited areas of
open water within the Wadden Sea. A subsequent 10
surveys were conducted between 1967 and 1991 by the
Netherlands Institute for Sea Research (NIOZ), focuss-
ing on known concentrations of wintering common
eiders (Swennen, 1976). The North Sea was seen as a
secondary area and was covered only where eiders were
known to occur. Since 1993, annual mid-winter surveys
have been conducted by Rijksinstituut voor Kust en Zee
(RIKZ) using a dense network of strip transects ﬂown
over the entire Wadden Sea (Baptist et al., 1997). In
1991, a transition year between the two programmes of
aerial surveys, results from ship-based surveys indicated
that large numbers of eiders had abandoned traditional
wintering areas within the Wadden Sea to stay in North
Sea coastal waters. These waters were included in all
subsequent aerial surveys (1993–2000; Berrevoets et al.,
2000). Additional sources of information were the
Dutch Seabird Group seawatching monitoring pro-
gramme (1972–present) and ship-based surveys con-
ducted since 1985 in Dutch coastal waters (Camphuysen
and Leopold, 1994; Platteeuw et al., 1994) to check for
the occurrence of common eiders along the North Sea
coast before the 1990s.
2.5. Shellﬁsh abundance and quality
Long-term observations on the abundance and body
condition of macrozoobenthos in the western Wadden
Sea have been carried out in eulittoral areas at Balgzand
since 1969 and at Piet Scheveplaat since 1978 (# in
Fig. 1). In addition, three sublittoral sections of the
western Dutch Wadden Sea have been monitored since
1989 (* in Fig. 1). The areas were surveyed twice a year
(February–March and August–September). At Balg-
zand, 15 ﬁxed locations were used scattered over the
entire 60 km2 area. Fixed transects were situated at Piet
Scheveplaat and in the sublittoral part of the western
Dutch Wadden Sea. Eulittoral areas were sampled with
corers during low tide up to 30 cm deep. Samples were
washed over 1-mm mesh screens in the ﬁeld and sorted
alive shortly afterwards in the laboratory. Sublittoral
areas were sampled from a ship using a Reineck box-
corer, penetrating about 20–25 cm into the sediment.
Molluscs were identiﬁed and aged on board, densities
were estimated, and individual length and biomass [g
ash free dry mass (AFDM) after incineration at 560  C]
was determined (Beukema, 1988). Shellﬁsh quality is
expressed as Body Mass Index (BMI): individual bio-
mass divided by the third power of the maximum shell
length (in g mm 3 106). Adult and juvenile mussels
were treated separately because in this species, BMI
tends to vary with age.
2.6. Crab abundance and cystacanthinfection levels
The relative abundance of green shore crabs in winter
1999/2000 was described using results of the long-term
macrozoobenthos monitoring programme (see earlier),
including data from 10 previous years. A second set of
data comprised standard catches in a long-term ﬁsh trap
programme (1966–present; NIOZ). In a tidal inlet at the
southern tip of Texel, ﬁsh and larger mobile epibenthic
invertebrates were and still are caught, counted and
measured on a daily basis (Van der Veer et al., 1992).
Assessments of green shore crab abundance in autumn
(1 September–15 November 1989–1999) were derived
from this programme. In response to the observed
parasite infection in eiders, samples of green shore crabs
were taken, from eulittoral and sublittoral areas near
Texel (February–March 2000). The presence of cysta-
canths (total number) was assessed after opening the
carapace.
3. Results
3.1. Eider mortality
Unusually large numbers of dead eiders were ﬁrst
reported in November 1999 (overall density 3.3 long-
term average, 1977–1998; Fig. 2). Numbers of dead and
dying eiders increased markedly in December
(9.6 long-term average) and declined again in January
2000 (4.5 long-term average). A second episode of ele-
vated mortality commenced in February (5.8 ) and
mortality levels peaked in March (12.8 ) and April
(12.4 ), to decline again in May (9.6 ) and June
(5.8 long-term average). Between 1 November 1999
and 30 June 2000, 8745 casualties were recorded. After
corrections for missing values, total numbers stranded
between November 1999 and April 2000 were estimated
at 18,150 (Table 1), with particularly high numbers on
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Estimates of total numbers in May–June were less reli-
able due to poor geographical coverage, but a further
3000 eiders may have died.
Weakened common eiders congregated in small ﬂocks
along the coast, climbing ashore as often as possible
(disturbance permitting). Long before such a terminal
stage was reached, many nearshore eiders were incap-
able of ﬂight. Weakened birds persistently stayed
ashore. Shortly before death birds they be picked up
and handled without any obvious reaction. Apart from
eiders that died on the shore, many crawled inland,
crossing roads and parking lots, to die in hidden corners
in bushes and dune areas. Most of these were missed in
beached bird surveys.
Oiled eiders found dead in winter amounted to
4.7% (n=7021), which was according to expectation
(6%) based on the long-term trend (decline in logit-
transformed fractions of oiled birds winter 1978/1979-
1998/1999; logit oil rate= 0.04 0.12 year, r2=0.45,
df=19, P<0.01). By contrast, non-oil-related mortality
in the Wadden Sea in winter 1999/2000 was unprece-
dented considering results of systematic beached bird
surveys in the area over the previous 23 seasons (Fig. 3).
In December 1999, the proportion of adult males was
very low (3.2%) and most birds found dead were iden-
tiﬁed as juveniles or unaged birds in female plumage
(probably also mainly juveniles). The proportion of
adult males increased gradually from January through
March, peaked in April, and declined again in May and
June (Table 1). Particularly high proportions of adult
males (>30%) were found in the western Wadden Sea
(sections 9–10) between 21 March and 20 April (47.1%,
n=958 sexed and aged eiders), on the eastern Wadden
Sea Islands early April (54.3%, n=70) and in the east-
ern Wadden Sea between 21 March and 10 April
(33.9%, n=56). Using the extrapolations of Table 1, an
estimated 5275 adult males may have been involved in
the strandings between November and June. It is diﬃ-
cult to estimate total numbers of adult females due to
identiﬁcation problems, but a conservative estimate of
2500 individuals would lead to c. 7500 adult common
eiders (one third of all birds found dead) involved in this
mass mortality incident. Assuming a 1:1 sexratio would
lead to 10,500 dead adults.
3.2. Physical condition and parasites
The body mass of the eiders was 30–45% lower than
published data for healthy birds of this subspecies
(Table 2). Dissections proved that subcutaneous and
deposited fat resources were completely depleted. Severe
atrophy of the breast muscle indicated that few of the
dissected casualties were capable of ﬂight at the time of
death. More detailed autopsies revealed severe atrophy
of skeletal musculature, serous atrophy of epicardial fat,
a small, dark-tan liver with sharp edges, and a distended
gall bladder.
Fig. 2. Seasonal pattern in common eider strandings in the Dutch Wadden Sea 1977–1999 (line; n km 1 S.E.) and densities observed in winter
1999/2000 (bars; n km 1). Oiled birds were excluded.
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llis botulus (Acanthocephala) infection in the gastro-
intestinal tract (Table 3). Total numbers of acanthoce-
phalans were counted in the Friesland material only,
with 1790, 1811, 1825, and 1933 as maximum numbers.
Infection levels in December 1999 (91.3%, n=23), Feb-
ruary 2000 (92.5%, n=53), and March 2000 (100%,
n=32) were similar. Infection levels in juveniles were
signiﬁcantly higher than those in adults (Gadj=9.393,
df=3, P<0.02; Table 3). Proﬁlicollis botulus infections
Fig. 3. Winter mortality in common eiders in the Dutch Wadden Sea, November–April, 1977/1978–1999/2000. Oiled birds were excluded.
Table 1
Extrapolated numbers of dead common eiders based on systematic beached bird surveys, November 1999–April 2000 (corrected for stretches of
coast not visited, not corrected for eiders dying inland; see text)
Subregions November December January February March April May June Total
1 Noord-Holland 9 10 28 115 285 54 71 30 600
2 Texel beach 19 73 35 90 561 482 220 115 1600
3 Vlieland beach 32 39 69 115 244 376 76 50 1000
4 Terschelling beach 4 42 4 22 48 48 16 7 190
5 Ameland beach 20 100 64 97 204 205 74 42 810
6 Schiermonnikoog beach 24 112 42 360 136 169 83 47 970
7 Rottum 9 46 29 44 93 94 33 19 370
8 Texel wadden sea side 53 66 158 259 839 591 197 165 2330
9 Vlieland wadden sea side 15 85 47 75 157 162 67 32 640
10 Griend 24 110 71 49 37 457 82 47 880
11 Terschelling wadden sea side 276 387 306 458 962 973 353 202 3920
12 Ameland wadden sea side 1 10 5 10 23 23 8 3 80
13 Schiermonnikoog wadden sea side 12 74 39 60 127 121 45 25 500
14 Balgzand 7 40 25 39 62 84 55 17 330
15 Afsluitdijk (barrier) 4 34 14 31 47 32 17 9 190
16 Friesland coast W 67 427 594 563 652 585 224 41 3150
17 Friesland coast E 73 825 261 130 426 535 254 146 2650
18 Groningen coast W 23 112 59 108 294 182 83 48 910
19 Groningen coast E 1 7 4 6 14 15 5 2 50
673 2599 1854 2632 5211 5189 1962 1047 21,170
% Adult male 3.2% 8.6% 15.8% 14.3% 31.6% 17.0% 13.7%
Sample aged 1202 538 656 1813 2186 259 226
See Fig. 1 for subregions. Proportion adult males only if n sexed and aged > 100. Totals are rounded to the nearest 10 birds.
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heavily infected eiders, the acanthocephalans had pene-
trated the intestinal wall, so that the heads could be seen
hanging in the abdominal body, apparently without
signs of severe peritonitis. Other helminths were the
nematode Amidostomum acutum found in the gizzard
(70% of all birds examined). Further parasites encoun-
tered in the intestines include the cestode Micro-
somacanthus sp. (38%) and the trematodes Cryptocotyle
sp. (15%), Himasthla spp. (<5%), and Microphallus
spp. (35%; Table 4). In some faecal samples of the dis-
sected eiders also oocysts of the coccidia Eimeria soma-
teriae (Protozoa; renal-coccidiosis) were found.
3.3. Wintering eiders
Between 1973 and 1999, complete mid-winter censuses
always revealed at least 100,000 wintering common
eiders (range 102,000–173,000, mean S.D. 134,093 
25,120, n=14). In January 2000, only 97,650 common
eiders were found (Fig. 4), of which 46,600 individuals
(47.8%) occurred in North Sea coastal waters. That
latter ﬂock had largely disappeared by February
(<10,000 remained). Prior to 1990, the North Sea
coastal zone was of very limited importance (mean 
S.D. 1.9 0.9% of the total wintering population, range
0.6–3.1%, n=6), but since 1990, a variable and some-
times very large proportion of common eiders wintered
in the North Sea (1991–1999 28.5 16.7%, range 12.8–
63.7%, n=8; Fig. 4).
3.4. Prey abundance
Eulittoral cockle stocks (g AFDM m 2) at Balgzand
and Piet Scheveplaat were relatively high between 1993–
1995 and in 1998–1999 (Fig. 5). Cold winters in 1996
and in 1997 caused marked reductions in densities and
total biomass. Winter biomass values were generally
lower than in the preceding summer, as a result of
mortality and continuing metabolic activity combined
with low food supply during autumn and winter. In
mild to moderate seasons, winter biomass never drop-
ped below a value of half that of the preceding summer.
Eulittoral biomass values in 2000 were not exceptionally
low compared with preceding years.
In sublittoral areas in the western Wadden Sea, all
open for mechanical cockle ﬁsheries, biomass reductions
following cold winters were less pronounced (Fig. 6).
Fluctuations between summer and winter biomass
values were considerably stronger than in the eulittoral.
Total biomass variations did not follow the same win-
ter-inﬂuenced pattern as found in the eulittoral and
total cockle biomass in 1999/2000 was very low.
Further data on cockle and mussel stocks were
derived from national stock assessments (Smaal et al.,
2001). Cockle stocks on 1 December 1999 were estimated
Table 2
Body mass (g) of 157 common eiders found dead as fresh corpses, December 1999–March 2000
Sex, age Female Juvenile female Adult female Juvenile male Immature male Adult male
Sample 8 61 7 57 4 20
Mean body mass 1384.4 1287.0 1420.7 1407.5 1462.5 1531.3
S.E. 39.2 23.1 42.6 19.3 61.3 28.0
Minimum 1160 895 1225 995 1280 1285
Maximum 1500 1800 1535 1820 1540 1795
Normal body mass (mean)a
Denmark, winter 1770 2142 2080 2251 2315
W Baltic, drowned 2133 2588 2379 2541 2816
a ‘Normal’ mean body mass was taken from published sources: Denmark, mainly in winter (Cramp and Simmons, 1977); wintering common
eiders in good condition drowned in ﬁshing nets in the western Baltic (Berndt et al., 1993).
Table 3
Presence and abundance of Proﬁlicollis botulus in the intestine of 13 common eiders collected in Friesland (December 1999) and 98 eiders collected
on Texel (December 1999–March 2000) and infection levels related to age (Texel sample)
Classiﬁcation Number of acanthocephalans Sampling sites Adults and
immatures (%)
Juveniles (%)
Friesland Texel %
No infection None 0 6 5.4 14.3 3.0
Light infection Some to low tens 1 29 27.0 39.3 26.9
Moderate infection Tens to low hundreds 3 23 23.4 28.6 22.4
Severe infection Hundreds to thousands 9 40 44.1 17.9 47.8
Sample size 13 98 28 67
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further 5 million kg in sublittoral areas. Sublittoral wild
mussel stocks, assuming 27.5% ﬂesh contents (Smaal et
al., 2001) were estimated at c. 6.9 million kg fresh ﬂesh
mass, of which two-thirds were mussel seed and the
remainder were at least 1-year old, eulittoral resources
were estimated at 4.1 million kg fresh ﬂesh mass. In
comparison with ﬁve previous seasons, these ﬁgures
were considered ‘relatively high’. Estimates of blue
mussel resources in culture plots indicate a stock of 38
million kg fresh mass (10.5 million kg fresh ﬂesh mass);
an ‘average resource’ for the 1990s, but considerably
and consistently lower than published values for 1951–
1989 (Fig. 7).
Trough Shell (Spisula subtruncata) banks north of the
Wadden Sea islands (oﬀ Texel) were extensively ﬁshed
in late summer 1999 by c. 20 vessels, followed by small
scale ﬁsheries (two vessels) during most of the following
Fig. 4. Total numbers of common eiders in mid-winter surveys in the Wadden Sea (black) and adjoining North Sea (white); aerial and ship-based
surveys combined. *, eastern half of the Dutch Wadden Sea not covered in 1968, numbers there have been intrapolated from 1967 (15,000) and 1969
(11,000) as 13,000. ?, no aerial survey of the Wadden Sea was available for 1992, only ship-based surveys of North Sea coastal waters.
Table 4
Endoparasites encountered in 98 common eiders collected on Texel, December 1999–March 2000, including the location, the intermediate host
(where known) and the frequency of occurrence (% infected)
Location Intermediate host Infected (%)
Acanthocephala Proﬁlicollis botulus Intestine Carcinus maenas 94
Nematoda Amidostomum acutum Gizzard – 70
Streptocara californica Gizzard Gammarids ?
Capillaria nyrocinarum Intestine – ?
Cestoda Microsomacanthus spp. Intestine Insects/crustaceans 38
Fimbriarioides intermedia Intestine Insects/crustaceans <5
Trematoda Himasthla spp. Intestine Snails <5
Cryptocotyle lingua Intestine Snails+ﬁsh 15
Psilostomum brevicolle Intestine Snails 23
Microphallus spp. Intestine Hydrobia ulvae/Littorina spp. 35
(incl.: Levinseniella/Spelotrema)
Gymnophallus somateriae Intestine Snails <5
Protozoa Eimeria somateriae Kidneys – ?
Eimeria spp. Intestine – ?
?=encountered, but not systematically checked in all dissected individuals.
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prior to and following the main ﬁshery campaign indi-
cated that in areas with >250 Spisula m 2, 85% of the
stock was removed, with only some 1-year-old molluscs
remaining (Smaal et al., 2001).
3.5. Shellﬁsh quality
The quality of cockles (BMI), showed a regular pattern
of higher values in summer and lower scores in winter
(Table 5). Cockle BMI in eulittoral areas was near aver-
age in summer 1999 and in winter 2000 at Balgzand,
and only slightly below average at Piet Scheveplaat. In
contrast, BMI values in sublittoral samples from the
western Wadden Sea, both in summer (12.1) and winter
(6.3), were the lowest on record over the last 10 years
(Table 5). Annual average BMI-values (combining
summer data with those of the following winter) in
1999/2000 equalled the long-term average in eulittoral
areas at Balgzand (BMI 1999 12.2; 1989–1998
mean S.D. 11.7 1.5) and Piet Scheveplaat (10.7 ver-
sus 11.7 2.1), but were the lowest on record in sub-
littoral areas (9.2 versus 11.1 0.8).
Annual average BMI-values of sublittoral adult mus-
sels in 1999/2000 (4.4) were low compared with those in
the previous 10 years (1989–1998 5.1 0.6), while both
Fig. 6. Biomass [g ash free dry mass (AFDM) m 2 S.E.] of cockles in sublittoral areas in the western Wadden Sea (three samples), August–
October (black symbols) and February–March (white symbols) 1989–2000.
Fig. 5. Biomass [g ash free dry mass (AFDM) m 2 S.E.] of cockles in the eulittoral at Balgzand (circles) and Piet Scheveplaat (triangles), August–
October (black symbols) and March (white symbols), 1976–2000.
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were of average quality. Generally, sublittoral mussels,
both adults and juveniles, show lower BMI values in the
sublittoral than in eulittoral areas.
3.6. Shore crab abundance and parasite infections
Total numbers of adult green shore crabs during
winter 1999/2000 at Balgzand and in the sublittoral
parts of the western Wadden Sea were relatively high,
but far from exceptional. The mean daily catch of green
shore crabs, caught in the ﬁsh trap at the southern tip of
Texel in autumn 1999 (147 day 1), equalled average
valuesobserved duringthepreceding10 years (148day 1,
Fig. 8). Of 119 green shore crabs collected February–
March 2000, 5.9% were infected with cystacanths of
Proﬁlicollis botulus. A maximum of 20 cystacanths per
crab were encountered. Smaal et al. (2000) reported
Fig. 7. Estimates of mussel stocks in culture plots in the Wadden Sea (million kg fresh mass) from Smit (1994) and Smaal et al. (2001).
Table 5
Quality of cockles in summer and winter, expressed as body mass index (BMI in 106 gm m  3), in eulittoral (Balgzand and Piet Scheveplaat) and
sublittoral areas in the Wadden Sea (Fig. 1) in the period 1989–2000
Season Balgzand Piet Scheveplaat Sublittoral areas
Summer Winter Summer Winter Summer Winter
1989–1990 15.1 10.7 14.9 6.6
1990–1991 15.6 11.6 14.9 13.4
1991–1992 11.3 8.7 13.4 11.8 13.1 8.3
1992–1993 15.3 8.5 13.7 10.0 14.8 7.9
1993–1994 11.5 8.0 15.4 10.9 15.4 9.3
1994–1995 13.0 8.3 15.4 9.8 12.3 6.8
1995–1996 14.6 8.1 16.2 13.6 7.2
1996–1997 12.8 7.3 13.3 8.7 14.6 7.5
1997–1998 17.3 10.0 19.7 10.2 14.9 8.5
1998–1999 17.1 9.1 11.8 6.7 15.4 8.4
1999–2000 15.4 9.1 13.4 8.0 12.1 6.3
Average 1989–1999 14.4 9.0 14.9 10.4 14.2 7.8
S.D. 2.1 1.3 2.4 2.4 1.1 0.9
Minimum 11.3 7.3 11.8 6.7 12.3 6.6
Maximum 17.3 11.6 19.7 14.9 15.4 9.3
Sample 10 10 8 8 10 9
1999/2000 values below the long-term minimum values (1989–1999) are indicated in italic.
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in September–October and indicated elevated densities,
particularly in the western Wadden Sea (1994–1998
0.01–0.03 m 2, 1999 0.04 m 2).
4. Discussion
The Dutch Wadden Sea is used by millions of migra-
tory, temporarily staging birds that utilise its resources
of shellﬁsh and other marine invertebrates. It is a wet-
land of international importance (RAMSAR Conven-
tion, EU Wild Birds Directive, EU Habitats and
Species Directive) in which, however, shellﬁsh resources
are cultured and commercially harvested for human
consumption.
It is clear that a major mortality incident occurred,
but involving only the molluscivorous common eider.
Wintering numbers of common eiders in winter 1999/
2000 were perhaps slightly lower than normal, but more
important was that 47% had abandoned the Wadden
Sea to stay in North Sea coastal waters. This phenom-
enon has occurred repeatedly since 1990, but only twice
on a similarly large scale (63% in 1993, 40% in 1997;
Fig. 4). Aerial survey design was modiﬁed in response to
ship-based reports of increased use by eiders of North
Sea coastal waters, so one could argue that eiders may
have utilised the North Sea prior to the early 1990s.
However, during coastal ship-based seabird surveys,
substantial ﬂocks (>1000) of common eiders were never
encountered prior to 1991, which was conﬁrmed by
seawatching data that showed an increased use of North
Sea coastal waters after the early 1990s (Camphuysen
and Van Dijk, 1983; Platteeuw et al., 1994, NZG/CvZ
unpublished data). The sole exception was a southward
movement of thousands of immature eiders in autumn
1975 along the mainland coast, followed by return
movements in spring 1976. This exodus coincided with
exceptionally low prey stocks (including cockles and
mussels) and elevated mortality of common eiders and
waders in the western Wadden Sea (Camphuysen,
1997). In conclusion, wintering eiders have frequently
utilised North Sea coastal waters in recent years, while
that area was hardly used at all previously.
4.1. Poisoning, oil pollution and disease
Apart from the data presented earlier, a number of
other factors that could have contributed to the death of
the eiders can be ruled out. Changes in levels of heavy
metals, polycyclic aromatic hydrocarbons, poly-
chlorobifenyls (PCBs), hexachlorobenzene (HCB), tri-
butyltin (TBT) and triphenyltins (TFT) between 1998
and 1999 were examined in water, sediment, suspended
matter and mussels. No indications were found that any
regularly monitored toxic substance may have caused
the observed mortality (Werkman, 2001). There was no
evidence for ‘red tide’ poisoning from dinoﬂagellates or
any other harmful algal blooms and shellﬁsh were har-
vested for human consumption as usual. Proportions of
oiled common eiders were in accordance with expecta-
tion during this mortality incident, compared with
similar data collected over a 20-year period prior to
this incident (Camphuysen, 1998). Based on results of
Fig. 8. Mean (  S.E.) daily number of adult green shore crabs in standard ﬁsh trap catches at Texel, 1 September–15 November, 1989–1999 (NIOZ,
unpublished data) and the average over 1989–1998 (dashed line).
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tions, there was no evidence of viral or bacterial disease
as a cause of mortality in these eiders (Kuiken, 2001).
4.2. Parasites
Acanthocephalans such as Proﬁlicollis botulus are
common and clearly visible parasites and therefore
often the prime suspects for the cause of mortality
(Grenquist, 1970; Borgsteede, 1997). Hario et al. (1995)
reviewed acanthocephalan parasite outbreaks and
found no evidence for direct parasite-induced mortality
in common eiders, but reported combined occurrence of
a weakened physical condition and heavy parasite bur-
den. ‘Healthy’ eiders virtually always have some infec-
tion with acanthocephalans and ‘natural’ infection
levels can be quite impressive (Table 6). Thompson
(1985) showed that juvenile eiders (hatching early June)
were free from P. botulus infection until 5–6 weeks post-
hatching when they had been able to take crabs for
food. In his experiments, infections (numbers of P.
botulus per eider) rapidly increased in autumn and
peaked in November, but subsequently declined
through winter and by the following summer their
abundance was similar to that in adult eiders. Under
normal conditions juveniles would have been able to
generate an appropriate immunological response
towards gut parasites in the course of their ﬁrst year
(Thompson, 1985), so that as in adults they should have
been able to carry quite large loads of helminths with-
out signs of sickness. We therefore believe that another
factor must have contributed to their fate.
4.3. Food
4.3.1. Diet and energetic requirements
Earlier studies indicated that 75% of the total con-
sumption of carnivorous birds in the Wadden Sea was
taken by only ﬁve species of birds, of which common
eiders (28%) took by far the largest share (Smit, 1981).
Common eiders are principally subtidal predators and
specialised feeders on common cockles and blue mussels
(Swennen, 1976; Nehls, 1989) that, unlike most other
molluscivorous birds in the Wadden Sea, ingest shellﬁsh
prey whole and crush the shells in their muscular sto-
mach. Green shore crabs, Baltic tellins (Macoma bal-
thica), sand gapers (Mya arenaria), periwinkles
(Littorina littorea) and common starﬁsh (Asterias
rubens) are frequently taken as secondary prey. Trough
shells were not mentioned by these authors, but com-
mon eiders staging in North Sea coastal waters must
have relied on this resource (Leopold et al., 2001).
Optimal diet theory predicts that food depletion should
result in broader diets (Sih, 1993). For common eiders, a
shortage of preferred prey species could therefore have
triggered a shift in feeding area: a partial exodus
towards the North Sea where Spisula occurs.
From ﬁeld observations and experiments, Nehls
(1995) estimated the energy expenditure of wintering
common eiders at 3000 kJ day 1 (4.3 basal metabolic
rate; BMR). Assuming an assimilation eﬃciency of 75%
(Karasov, 1986; Piersma, 1994) and an average energy
density of 22.5 kJ g 1 of cockles and mussels (Zwarts
and Wanink, 1993), the daily requirements of wintering
eiders would amount to 177.8 g AFDM. With a win-
tering population of c. 97,000 individuals, a total of 3.12
million kg AFDM must have been required in winter
1999/2000; for average winter populations (1973–1999
134,450 25,700), c. 3.5–5.2 million kg AFDM. In
comparison with shellﬁsh stock assessments, assuming
good quality prey and a water contents of c. 83% in
shellﬁsh-ﬂesh (Kersten and Visser, 1996; Zwarts et al.,
1996), common eiders would have required 18.3 million
kg ﬂesh mass in 1999/2000 (stock:common eider
requirements=4.7:1). Earlier inventories of shellﬁsh
resources in the 1990s suggested that in most years the
Table 6
Infection rates with Proﬁlicollis botulus (% presence and abundance) in ‘healthy’ common eiders collected in the Ythan Estuary (east Scotland), in
Newfoundland and Labrador (Canada) and along the west coast of Sweden
Location Sample Presence (%) Abundance Source
Ythan Estuary, Scotland, 1955–1960 174 adult eiders 100 2–440 Garden et al., 1964
375 juvenile eiders 100 3–2401 Garden et al., 1964
Newfoundland, Labrador, 1968–1969 110 eiders shot 92 1–654 (mean 80) Bishop and Threlfall, 1974
Sweden, west coast, 1968–1971 110 eiders shot 94.5 n.d. Persson et al., 1974
Ythan Estuary, Scotland, 1970–1971 30 adult  76.7 Mean 29.8 9.4 Liat and Pike, 1980a
24 adult E 91.6 Mean 64.4 8.4 Liat and Pike, 1980
30 juvenile  96.6 Mean 272.3 64.5 Liat and Pike, 1980
32 juvenile E 93.8 Mean 270.9 59.4 Liat and Pike, 1980
Ythan Estuary, Scotland, 1979–1982 38 adult  89 Mean 60 22, 0–753 Thompson, 1985
29 adult E 79 Mean 30 11, 0–297 Thompson, 1985
41 juveniles n.d. Mean 129 35, 0–1270 Thompson, 1985
Range or mean number of acanthocephalans S.E. per bird are given where known; n.d., no data.
a No signiﬁcant diﬀerence between sexes but mean number of worms signiﬁcantly higher in juveniles than in adults (t=5.01, df=46, P<0.001).
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ments by a factor 7–10.
4.3.2. Prey stocks, prey quality, and prey availability
Our cockle data suggested that both quality (BMI)
and stock were ‘somewhat low’ in winter 1999/2000.
Our mussel BMI data also suggest a slightly lower value
than in ten previous years. The observed ﬂuctuations
closely correspond with data from broad-scale inven-
tories in the Wadden Sea by RIVO (Van Stralen and
Kesteloo-Hendriks, 1998) and match expectations that a
series of mild winters has prevented spatfall and reduced
individual cockle quality. Mild winters lead to com-
paratively low quality (lean) prey because cold-blooded
animals maintain higher levels of metabolic activity
during ‘warmer’ winters, while the food supply is low as
usual (Honkoop and Beukema, 1997). Shellﬁsh inven-
tories in the Wadden Sea indicated a total resource of
cockles and mussels of c. 87 million kg fresh ﬂesh mass
at 1 December 1999 (Smaal et al., 2001). None of these
studies pointed to a very marked decline in shellﬁsh
quality or stock size, certainly not in comparison with
the last 5–10 years.
Obviously, shellﬁsh stocks are only partly available,
because of size preferences of the birds and because of
diﬀerences in prey quality, density, accessibility and
proﬁtability (Zwarts et al., 1996). Ninety-two percent of
the cockles occurred in eulittoral areas, which are not
preferred feeding areas for common eiders (Smit, 1981),
and only (partly) accessible for them only during high
tide. Of the mussel stocks, 49% occurred in culture
plots, where common eiders are purposefully disturbed
to scare them away (Smaal et al., 2001). Of the wild
subtidal mussel stocks, 15% were >1 year old and 25%
were mussel seed and therefore too small to be proﬁt-
able prey (Nehls, 1995). Hence, in total only 8.5% of the
estimated total resource of c. 87 million kg fresh ﬂesh
mass in winter 1999/2000 (including cockles) was
potentially suitable prey in favoured, constantly acces-
sible feeding areas, 74% were partly accessible and
under a strict tidal regime, and 12% were stocked in
cultures. These ﬁgures, coupled with the fact that com-
mon eiders are only one of a number of molluscivorous
birds in the Wadden Sea, suggest that the present stocks
within the Wadden Sea may not be quite so large as the
stock:requirement ratio would indicate.
The energetic and ecological consequences of mollusc
consumption are considerable in birds that crush shells
in their stomach (Nehls, 1995). Estimates of the ener-
getic requirements of common eiders (see above) have
been made under the assumption of a ‘normal’ water
content/AFDM ratio of mollusc ﬂesh (83% water),
while in fact recent winters were mild and molluscs
therefore may have been lean. Much higher water frac-
tions were measured in lean cockles (97.2% water; Vis-
ser et al., 2000). Assuming such water contents suggests
that the entire shellﬁsh stocks in winter 1999/2000 could
have been insuﬃcient for common eiders alone (111
million kg required, resource 87 million kg).
4.3.3. Earlier indications of food shortage
Substantial non-oil related mortality of molluscivor-
ous waders and wildfowl in the Wadden Sea occurred
during a series of three very mild winters (1989–1991)
when there had been no spatfall of cockles and mussels,
leading to very low resources in the Wadden Sea. These
stocks were depleted by commercial ﬁsheries in 1990
(van Berkel and Revier, 1991). In addition, virtually all
mature musselbeds were removed from the eulittoral
zone and these have shown little recovery ever since
(Beukema and Cadee ´ , 1996). Common eiders (Fig. 3;
Camphuysen, 1997) and Eurasian oystercatchers (Cam-
phuysen et al., 1996) experienced peak mortality levels
following the depletion of shellﬁsh stocks. Swennen
(1991) found that wintering eiders redistributed over
previously unexploited parts of the Wadden Sea after
the removal of mussel beds. Swennen et al. (1989) had
indicated that eiders obtained c. 20% of their prey from
mussel culture plots, but since the early 1990s, the sig-
niﬁcance of mussel cultures for wintering eiders has
increased markedly (Baptist et al., 1997; Berrevoets et
al., 2000). Hence, for common eiders, this event marked
the beginning of the distributional response to anoma-
lies in food supplies in traditional wintering areas
(Fig. 4). The ﬁsheries have responded to this range
contraction over mussel cultures by (illegal) systematic
chasing of eiders to scare them away. Yet, cultures
seemed to have become a very important resource and
there appeared to be a signiﬁcant, negative relationship
between mussel stocks in cultures and the proportion of
eiders utilising North Sea coastal waters (RS= 0.70,
n=13, P<0.01). A reconstruction of mussel stocks in
culture plots by Smit (1994) and Smaal et al. (2001)
indicated a low level in most years since the early 1990s
(Fig. 7), explaining why common eiders increasingly
utilised the North Sea in recent years.
4.3.4. Commercial ﬁsheries
Between 1949 and 1989, cockle harvests steadily
increased (from <2 million to 80 million kg fresh mass;
Dijkema, 1997), after which they became highly variable
(Anonymous, 1999). The catch as a percentage of total
cockle stocks (in densities of >50 m 2) varied from 1–
20% in the 1970s, to 4–96% in the 1980s and 8–25% in
the 1990s (van Stralen and Kesteloo-Hendrikse, 1998).
Between 55 and 96% were taken in years with particu-
larly low stocks in the 1980s. The catch may seem rather
insigniﬁcant in view of total cockle resources, but ﬁsh-
ing eﬀort is concentrated in high-density areas, i.e. in
the most proﬁtable areas for molluscivorous ducks
(De Leeuw, 1999), so that even a relatively minor catch
has a great potential eﬀect on prey availability. Pre- and
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cockle ﬁsheries depleted subtidal cockle banks of the
highest densities in 1998 when ﬁsheries focused on sub-
tidal areas (Van Stralen and Kesteloo-Hendrikse, 1998,
1999).
Commercial ﬁsheries for Spisula subtruncata, ﬁrst
developed in North Sea coastal waters in 1985, were
extended from 1993 onwards to include the coastal zone
oﬀ the Wadden Sea islands (Leopold, 1993). In summer
1999, c. 85% of the ﬁshable Spisula were removed
within 1-month in an exceptionally extensive ﬁshery
campaign and with that the bulk of the available Spisula
of suitable size north of the Wadden Sea islands
(Leopold, 1999).
4.4. Conclusions
To explain the excessive mortality of starved birds it
was necessary that all available data were examined in a
critical evaluation of the event, but also to look back in
time. Combined ﬁshery activities in the Wadden Sea in
recent years, in particular the removal of permanent
mussel banks and repeated, partial removals of high
density cockle banks, have led to spatial shifts and con-
tractions of the foraging range of wintering eiders not
just in 1999, but since the early 1990s. Since that time,
oﬀshore Spisula banks have been utilised by eiders as a
refuge, notably in years with lower mussel stocks within
the Wadden Sea. The utilisation of Spisula by common
eiders should be seen as a clear sign that prey resources
within the Wadden Sea were too low to sustain the
wintering population of these birds. In autumn 1999,
the Spisula banks became in turn severely overﬁshed.
We hypothesise that the population of common eiders
collapsed as a result of a combination of factors: heavy
ﬁshing pressure on high density cockle banks and rather
low stocks in mussel cultures over the past 10 years,
some mild winters in a row with reduced spatfall and
slightly reduced shellﬁsh quality, plus stock depletion in
the refuge area, i.e. the near-complete removal of Spi-
sula oﬀ the Wadden Sea islands.
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